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An Optical Paradox. 779 
indefinitely in the minerals, and therefore be a known 
element. The choice it would seem must rest between 
bismuth (208'5) and lead (206"9). Boltwood calls attention 
to the persistent appearance of lead as a constituent of the 
uranium-radium inerals, and cites certain evidence in favour 
of the view that it is one of the final products. Owing 
to the rapid rate of change of polonium, and to the refined 
methods of separating it from the mineral on a large scale 
introduced by Marckwald, the experimental identification of 
the ultimate product would seem to be now mainly a matter 
of cost. 
LXXIV. An Optical Paradox. 
By Lord RAYLEIGH, O.M:., .F.R.S. ~e 
C ONSIDER the following combination :--A point source A of approximatel~ homogeneous light (X) is focused 
by the lens LL upon the object-glass of a telescope T. In its 
I. 
L 
turn the telescope is focused upon L. According togeome- 
trieal optics the margin of the lens L should be seen sharp by 
an eye applied ~ the telescope; but when we consider the 
limitation of aperture at the object-glass of the telescope, 
we come to the conclusion that the definition must be very 
bad. The image of A at C constitutes the usual diffraction 
pattern of which most of the light is concentrated in the 
central disk. The diameter of this disk is of the order 
. LC/LL. I[ this be regarded as the effective aperture o[ T, 
the angular esolving power will be found by dividing X by 
the above quantity, giving LL/LC ; so that the entire angular 
magnitude of the lens LL is on the limits of resolving power. 
If this be admitted, we may consider next the effect of 
enlarging the source A, hitherto supposed to be infinitely 
small: If the process be carried far enough, the object- 
glass of T will become filled with light, and we may expect 
the natural resolving power to be recovered. But here we 
must distinguish. If the enlarged source at A be a self- 
luminous body, such as a piece of white-hot metal or the 
carbon of an electric arc, no such conclusion will follow. 
There is no phase-relation between the lights which act at 
* Communicated by the Author. 
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780 An Optical Paradox. 
different parts of the object-glass~ and therefore no possibility 
of bringing into play the interferences upon which the ad- 
vantage of a large aperture depends. It aopears, therefore, 
that however large the self-luminous source'at A may be, the 
definition is not improved, but remains at the miserably low 
level already specified. If~ however, the source at A be not 
a real one~ but merely an aperture through which light from 
real sources passes, the case may be altered. 
Returning to the extended self-luminous ource, we see 
that the inefficiency depends upon the action of the lens L. 
If the glass be removed from its seat, so that A is no longer 
focused upon the object-glass, the definition must recover. 
I do not know how far the above reasoning will seem 
plausible to the reader, but I may confess that I was at first 
puzzled by it. I doubt whether any experimenter would 
willingly accept the suggested conclusion, though he might 
be unable to point out a weak place in the argument. He 
would probably wish to try the experiment ; and this is easily 
done. The lens L may be the collimating-lens of an ordinary 
spectroscope whose slit is backed by a flame. The telescope 
is removed from its usual place to a distance of say 10 feet 
and is focused upon L. The slit is at the same time focused 
upon the object-glass of the telescope. Although the image 
of the slit is very narrow, the definition of L as seen in the 
telescope does not appear to suffer, the vertical parts of the 
circular edge (parallel to the slit) being as well defined as the 
horizontal parts. If, however, at the object-glass a material 
screen be interposed provided with a slit through which the 
image of the first slit can pass, the definition at the expected 
places falls off greatly, even although a considerable margin 
be allowed in the width of the second slit. 
This experiment gives the clue to the weak place in the 
theoretical argument. It is true that the greater part of the 
light ultimately reaching the eye passes through a very small 
area of the object-glass; but it does not follow that the re- 
mainder may be blocked out without prejudice to the definition 
of the boundary of the field. In fact~ a closer theoretical dis- 
cussion of the diffraction phenomena leads to conclusions in 
harmony with experiment. 
In the case of a point-source and the complete circular 
aperture LL, the question turns upon the integral 
J0, Jl being the Bessel's functions usually so denoted. The 
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Dynamical Theory of Diffuslon for .Non-Electrolytes. 781 
integral passes from 0 to 1/fl, as a passes through the 
value fl ~r 
If the aperture of LL  be reduced to a narrow annulus, the 
integral to be considered is
f Jo(~X) Jo(~),~d~. 
This assumes an infinite value when a=fl t. 
I f  the apertures be rectangular, the integrals take still 
simpler forms. 
LXXV.  A Dynamical Theory of Diffusion for Non-Electro- 
lytes and the Molecular Mass of Albumin. .By W1LLI~.M 
Sur~ERLAND ~. 
I N a paper communicated to the Australian Association for the Advancement of Science at Dunedin, 1904, on the 
Measurement of Large Molecular Masses, a purely 
dynamical theory of diffusion was outlined, with the aim of 
a'etting a formula for calculating from the data of diffusion 
those large molecular masses for which the ordinary methods 
fail. The formula obtained made the velocity of diffusion of 
a substance through a liquid vary inversely as the radius a of 
its molecule and inversely as the viscosity of the liquid. On 
applying it to the best data for coefficients of diffusion D it 
was found that the products aD, instead of being constant, 
diminished with increasing a in a manner which made extra- 
polation with the formula for substances like albumin seem 
precarious. After looking a little more closely into the 
dynamical conditions of the problem, it seems to me that the 
diminution of aD can be accounted for, and can be expressed 
by an empirical formula which enables us to extrapolate with 
confidence for a value of a for albumin, and so to assign for 
the molecular mass of albumin a value whose accuracy 
depends on that with which D is measured. 
The theory is very similar to that of "Ionization, Ionic 
Velocities and Atomic Sizes" (Phil. Mag. Feb. 1902). Let 
a molecule of solute of radius a move with velocity V parallel 
to an x axis through the dilute solution of viscosity ~/. Then 
the resistance F to its motion is given by Stokes's formula 
1 + 2v/•a 
F = 6~v,~a 1+ 3,#~a . . . . .  (1) 
* A theorem attributed to Weber. See Gray and Matthewg ~ BesseI'a 
Functions,' p. 228. 
? See ' Theory of Sound,' w '203, equations (14), (16). 
~: Communicated bythe Author. 
Phil. Mag. S. 6. Vol. 9. No. 54. June 1905. 3 F 
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